A rod shaped, Gram-stain-negative, chemo-organotrophic, heterotrophic, strictly aerobic, non-gliding bacterium, designated strain PLR T , was isolated from faeces of the mollusc Aplysia punctata (Mollusca, Gastropoda) that had been fed with green algae belonging to the genus Ulva. The novel strain was able to degrade ulvan, a polysaccharide extracted from green algae (Chlorophyta, Ulvophyceae). The taxonomic position of strain PLR T was investigated by using a polyphasic approach. Strain PLR T was dark orange, oxidase-positive, catalase-positive and grew optimally at 25 6C, at pH 7.5 and in the presence of 2.5 % (w/v) NaCl with an oxidative metabolism using oxygen as the electron acceptor. Nitrate could not be used as the electron acceptor. Strain PLR T had a Chargaff's coefficient (DNA G+C content) of 35.3 mol%.
Ulvans are the major cell-wall matrix polysaccharides of green seaweeds (Chlorophyta) of the order Ulvales. These species are often the cause of eutrophication of coastal seawaters, resulting in green tides (Morand & Briand, 1996) and the production of large volumes of an as yet under-exploited raw material. The structure of ulvans is built on a repeating sequence of disaccharides composed of sulphated rhamnose and xylose or a uronic acid, such as glucuronic acid or iduronic acid (Percival & McDowell, 1967; Quemener et al., 1997) . Ulvans have been shown to form soft gels in the presence of divalent cations and borate (Haug et al., 1976; Lahaye & Axelos, 1993) . Recent work on cell-wall polysaccharides of members of the order Ulvales has focused on ulvans as they display biological activities of potential interest for therapeutic, nutraceutical and personal care applications (Lahaye & Robic, 2007) . A recently isolated bacterial strain, designated PLR T , produced an extracellular enzyme that specifically degraded the polysaccharide ulvan from ulvalean green algae. In this study, strain PLR T was characterized using a polyphasic taxonomic approach and was found to represent a novel species of the genus Persicivirga (O' Sullivan et al., 2006) . The genus Persicivirga, a member of the family Flavobacteriaceae (Bernardet et al., 1996 (Bernardet et al., , 2002 Bernardet & Nakagawa, 2006) , phylum 'Bacteroidetes', was erected based on the description of Persicivirga xylanidelens isolated from coastal seawater sampled at Hope Cove, near Plymouth, UK (O'Sullivan et al., 2006) . Yoon et al. (2006) described [Donghaeana] dokdonensis, isolated from seawater sampled at Dokdo island, Korea. However, the sequence of its 16S rRNA gene displayed 98.2 % similarity with that of P. xylanidelens. For this reason, [D.] dokdonensis was restudied and reclassified in the genus Persicivirga as Persicivirga dokdonensis comb. nov. (Nedashkovskaya et al., 2009 ).
Strain PLR
T produced an extracellular depolymerizing enzyme that acted on ulvan extracted from green algae (Chlorophyta, Ulvophyceae). It was isolated from faeces of the mollusc Aplysia punctata (Mollusca, Gastropoda) collected at Presqu'Île de Pen Lan, Pleubian, Brittany, France, and fed in the laboratory with green algae belonging to the genus Ulva collected from the same environment. Faeces were collected and stored at 280 u C. Faeces were incubated under agitation at 20 u C for 72 h in 5 ml medium containing 25 mM POPSO buffer, pH 7.0, 50 mM NaCl, 0.4 g Casamino acids l 21 and 3 g ulvan l 21 . Bacterial cultures were spread on ZoBell medium 2216E (ZoBell, 1941) solidified with 4 % ulvan and were incubated at 20 u C for 1 week. The ulvan used was extracted from the green algae Ulva armoricana according to Robic et al. (2009) .
The 16S rRNA gene sequence of strain PLR T was amplified by PCR using one colony from ZoBell agar suspended in 200 ml sterile ultrapure water as template and the primer pair 8F (Hicks et al., 1992) and 1492R (Kane et al., 1993) specific for Bacteria. PCRs were typically carried out in a volume of 25 ml containing 1 ml template DNA, and the different polymerization steps were as previously described (Barbeyron et al., 2008a) . Moreover, as the 16S rRNA gene sequence of P. xylanidelens SW256 T deposited in GenBank was too short (1231 nt; O'Sullivan et al., 2006) , this gene was sequenced again in the present study to obtain a sequence of 1453 nt. PCR products were purified with the Multiscreen PCR m96 Plate LSKM PCR (Millipore) and sequenced, by using BigDye Terminator V3.1 (Applied Biosystems), 16 buffer (Applied Biosystems) with primers 8F and 1492R and specific internal primers 59TTAG-ATACCCGTGTAGTC39 and 59GACTACCAGGGTATCT-AA39, and an ABI Prism 3130xl Genetic Analyser automated sequencer (Applied Biosystems/Hitachi).
The 16S rRNA gene sequence of strain PLR T was aligned via the MAFFT software (Katoh et al., 2002 (Katoh et al., , 2005 ) with a representative set of sequences obtained from GenBank (Benson et al., 1999) by using the Q-INS-i option to consider the secondary structure of RNA; the alignment was then manually refined. The neighbour-joining algorithm (Saitou & Nei 1987) was used with the Kimura distance correction (Kimura, 1980) and bootstrap analysis was performed to provide confidence estimates for the phylogenetic tree topologies (Felsenstein, 1985) . The maximum-parsimony (Fitch, 1971) and maximumlikelihood (Felsenstein, 1981) methods were also applied, as implemented in the PHYLO_WIN package (Galtier et al., 1996) . Of the 1402 nt that were sequenced for strain PLR T , 1336 nt were used in the phylogenetic analysis. Although differences were observed between trees generated with the neighbour-joining, maximum-likelihood and maximumparsimony methods based on 16S rRNA gene sequences, all trees showed that strain PLR T branched in a clade comprising Stenothermobacter spongiae UST030701-156 T (Lau et al., 2006) , Nonlabens tegetincola UST030701-324 T (Lau et al., 2005; 2006) , Sandarakinotalea sediminis CKA-5 T (Khan et al., 2006) , P. xylanidelens SW256 T (O'Sullivan et al., 2006) and P. dokdonensis DSW-6 T (Fig. 1) . As reported by O'Sullivan et al. (2006) , the exact phylogenetic position of this clade was not easy to determine as it varied according to the other sequences included in the analysis. Pairwise comparisons of 16S rRNA gene sequences were made by using the FASTA software (Pearson & Lipman, 1988 Nedashkovskaya et al., 2009) were studied in parallel with strain PLR T in all phenotypic tests and in whole-cell protein, fatty acid and polar lipid analyses. The three strains were routinely cultivated on ZoBell medium 2216E, either liquid or solidified with 1.5 % (w/v) agar. Pure cultures were stored at 280 u C in the culture medium containing 20 % (v/v) glycerol. Growth was monitored by the increase in optical density at 600 nm, by using a UV1601 spectrophotometer (Shimadzu). All growth experiments were performed in triplicate. The temperature range for growth was evaluated at 4, 10, 20, 30, 37 and 42 u C in ZoBell broth. The optimal pH value for growth was determined at 20 uC in Cytophaga marine broth no. 172 (DSMZ). pH values were adjusted by using 20 mM of the following buffers: MES for pH 5.5, 6.0 and 6.5; MOPS for pH 7.0; HEPES for pH 7.5; Tris/HCl for pH 8.0 and 8.5; and CHES for pH 9.0, 9.5 and 10.0. The effect of NaCl on growth was determined at 20 u C and at pH 8 in the same medium containing 0, 0.25, 0.5, 1.0, 2.0, 3.0, 4.0, 5. 0, 6.0, 8.0, 10, 25, 30, 40, 50, 55, 60, 65, 70 and 80 g NaCl l
21
.
Strain PLR
T grew at 4-35 uC with an optimum around 25 u C; no growth was detected at 37 u C after 8 days of incubation. By comparison, P. xylanidelens SW256 T and P. dokdonensis DSW-6 T displayed maximum growth temperatures of 28 and 32 u C, respectively (Nedashkovskaya et al., 2009) . Growth of strain PLR T was observed at pH 6.5-9.0, after 3 days of incubation, with an optimum around pH 7.5-8.0. No growth was detected at pH 6.0 or 10.0 after 8 days of incubation at 25 uC. As no information had been published on the pH range for growth for P. xylanidelens, we conducted the same experiment with this strain. Growth of P. xylanidelens SW256
T was observed at pH 6.0-9.5, with an optimum around pH 7.5-8.0 after 3 days of incubation. Growth of P. dokdonensis DSW-6 T was observed at pH 5.5, but not at pH 5.0, and with optimal growth at pH 7.0-8.0 . After 2 days of incubation, growth of strain PLR T was observed with NaCl concentrations ranging from 2.0 to 50 g l 21 with an optimum around 25 g l 21 . However, only slight growth was observed with 60 and 65 g NaCl l 21 after 5 days of incubation. No growth was observed without NaCl or at concentrations above 70 g l 21 after 8 days of incubation at 25 u C. By comparison, growth of P. xylanidelens SW256 T and P. dokdonensis DSW-6 T was observed at 20-60 and 10-80 g NaCl l 21 , respectively (Nedashkovskaya et al., 2009) . Under optimal growth conditions (25 u C, pH 8.0 and 25 g NaCl l 21 ), the doubling time of strain PLR T was around 3 h.
Genomic DNA was extracted as described by Barbeyron et al. (1984) and purified on a caesium chloride gradient. Chargaff's coefficient of the genomic DNA, expressed as the molar percentage of guanine+cytosine, was determined by the Identification Service of the DSMZ (Braunschweig, Germany) by using the HPLC method. , strain PLR T formed circular, shiny, dark orange colonies, 2 mm in diameter, on ZoBell agar after 5 days at 20 u C (Fig. 2a) . In ZoBell broth at 20 u C, the medium was first cloudy, becoming dark orange after 48 h. No spreading occurred at the margins of colonies of the three strains. Cell morphology and gliding motility were investigated on wet mounts of an exponential-phase ZoBell broth culture at 20 uC, by using phase-contrast microscopy (BH2, Olympus; 61000). For scanning electron microscopy, bacteria were fixed for 4 h at room temperature with 4 % glutaraldehyde in the presence of 0.1 M cacodylate buffer and 0.25 M sucrose. Cells of strain PLR T were then rinsed in a series of buffer solutions containing graded concentrations of sucrose and post-fixed for 1 h at 4 u C with 1.5 % OsO 4 . Fixed bacteria were dehydrated through an ethanol series and finally dried by using a critical-point dryer (Baltec CPD 030; Balzer). The dried bacteria were coated with gold in a sputter coater and observed with a JSM 5200 scanning electron microscope (JEOL).
Cells of strain PLR
T were round-ended rods of about 0.8-1.0 mm in diameter and 1.5-5.5 mm long that occurred singly or in pairs (Fig. 2b, c) . Stationary-phase cultures of strain PLR T also contained non-refractive spherical bodies as reported for a number of other members of the family Flavobacteriaceae (Bernardet & Nakagawa, 2006) . Cells of strain PLR T , P. xylanidelens SW256 T and P. dokdonensis Persicivirga ulvanivorans sp. nov.
DSW-6
T were non-flagellated, adhered to the slide and to the cover glass, did not display gliding motility and stained Gramnegative according to the method described by Doetsch (1981) .
To determine the type of respiratory metabolism exhibited by strain PLR T , it was inoculated in Veillon's tubes containing ZoBell medium solidified with 0.6 % (w/v) agar. Oxygen was removed from the medium by boiling. Cytochrome oxidase activity was assayed by vigorous shaking of cells from a 2.0 ml broth culture for 5 min in 0.5 ml natural seawater in the presence of 20 ml dimethylparaphenylene diamine oxalate (bioMérieux). The presence of the enzyme was revealed by a blue coloration of the cellular suspension. Catalase activity was assayed by mixing one colony from a ZoBell agar plate with a drop of hydrogen peroxide (10 %, v/v). Amylase activity was assayed on 0.2 % (w/v) soluble starch ZoBell agar plates. DNase activity was detected on DNA agar (Difco), prepared with seawater. Amylase and DNase activities were revealed by flooding the plates with Lugol solution or 1 M HCl, respectively. Hydrolysis of various Tween compounds (1 %, v/v) was assayed in ZoBell agar according to Smibert & Krieg (1981) . Alginase, ulvanase, agarase, k-carrageenase and i-carrageenase activities were tested by inoculating ZoBell media solidified with (per litre): 50 g alginic acid (Aldrich, ref. 180947), 40 g ulvan, 15 g agar (Sigma, ref. A7002), 10 g k-carrageenan (X-6913; supplied by CP Kelco) or 20 g i-carrageenan (X-6905; CP-Kelco), respectively. Strains were considered positive when colonies liquefied or produced craters in the substrate. Production of flexirubin-type pigments was assessed either by flooding a 4-day plate culture or by mixing the pellet of a 2 ml ZoBell broth culture All data are from this study except where indicated. The three strains were Gram-stain-negative, non-flagellated, non-gliding heterotrophic rods. All were positive for: respiratory metabolism; presence of cytochrome oxidase, catalase, alkaline phosphatase, acid phosphatase, esterase lipase (C8), valine arylamidase, cystine arylamidases and naphthol-AS-BI-phosphohydrolase activities; and hydrolysis of DNA, Tweens 20, 40 and 60 and alginic acid. All were negative for: utilization of and acid production from carbohydrates; presence of esterase (C4), lipase (C14), a-chymotrypsin, a-glucosidase, a-galactosidase, b-galactosidase, a-mannosidase, a-fucosidase, N-acetyl-b-glucosaminidase, b-glucuronidase, arginine dihydrolase, leucine decarboxylase and tryptophan deaminase activities; hydrolysis of agar, k-carrageenan, i-carrageenan and urea; production of flexirubin-type pigments, H 2 S, indole and acetoin; and nitrate reduction. The three strains were susceptible to (mg ml 
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with 20 % (w/v) potassium hydroxide, followed by observation of changes in colony or pellet colour from yellow to red or brown (Reichenbach et al., 1974) .
The ability to use simple carbohydrates as carbon sources with different nitrogen sources was tested in artificial seawater supplemented with (per litre) 50 mg yeast extract (as a vitamin source) and 2 g ammonium chloride (or 2 g ammonium nitrate, or 2 g potassium nitrate or 2 g Casamino acids as nitrogen sources), and containing the carbohydrate under investigation at a concentration of 0.5 % (w/v). Other tests were performed by using API 20 E, API 20 NE (using the API AUX medium supplemented to 25 g NaCl l 21 ) and API ZYM identification strips (bioMérieux). GN2 microplates (Biolog) were inoculated with bacterial suspensions in a medium containing (per litre) 25 g NaCl, 8 g MgCl 2 and 0.5 g KCl. API galleries and GN2 microplates were incubated at 20 u C for 2 weeks. Sensitivity to chloramphenicol (10 mg ml 21 ), penicillin G (20 mg ml ) and tetracycline (10 mg ml 21 ) (all from Sigma-Aldrich) was tested at 20 u C in ZoBell broth. In addition, ATB PSE and ATB G-antibiogram strips (bioMérieux) were inoculated with bacterial suspensions in ZoBell broth and incubated at 20 u C. In artificial seawater supplemented with a mineral nitrogen source, no carbohydrates were used as sole carbon source by strain PLR T . In the presence of Casamino acids, strain PLR T grew even in the absence of carbohydrate. This was also reported for P. xylanidelens SW256 T (O'Sullivan et al., 2006), whereas Yoon et al. (2006) reported that growth of P. dokdonensis DSW-6 T occurred on peptone and tryptone as sole carbon and nitrogen sources but not on Casamino acids. In API ZYM strips the three strains showed no activity on any of the carbohydrate substrates. Except for some differences concerning the API ZYM results for P. xylanidelens SW256 T and P. dokdonensis DSW-6 T , the results obtained for these strains were in agreement with those reported by Yoon et al. (2006) and Nedashkovskaya et al. (2009) . The phenotypic characteristics of strain PLR T are given in the species description below and compared with those of P. xylanidelens SW256 T and P. dokdonensis DSW-6 T in Table 1 . Penicillin, carbapenem and cephalosporin antibiotics, belonging to the b-lactam family, inhibited the growth of strain PLR T . However, for ticarcillin and piperacillin, inhibition was observed in the presence of the b-lactamase inhibitors clavulanic acid and tazobactam, respectively, suggesting that strain PLR T produced some b-lactamases. In contrast, antibiotics belonging to the aminoglycoside and fluoroquinone families did not inhibit growth of strain PLR T . Identical results were obtained for P. xylanidelens SW256 T and P. dokdonensis DSW-6 T .
Cellular proteins of strain PLR T and of the two reference strains were extracted from cell pellets of 2.0 ml of a 48-h ZoBell broth culture at 20 u C as previously described (Barbeyron et al., 2008b) . The fatty acid composition of the three strains was determined according to the standard protocol of the MIDI Microbial Identification System [Sherlock version 4.5 (0209B); Sasser (1990) ] with cells grown on TSBA (per litre: 30 g trypticase soy broth and 15 g agar) at 28 u C for 48 h (TSBA40 method) by the Identification Service of the DSMZ (Dr B. J. Tindall). Results were compared with the TSBA50 database. The polar lipid composition of the three strains and the respiratory quinones of strain PLR T were also analysed by the DSMZ. The whole-cell protein profiles of strain PLR T , P. xylanidelens SW256 T and P. dokdonensis DSW-6 T showed significant differences (see Supplementary Fig. S1 available in IJSEM online). The fatty acid profile of strain PLR T contained five major components: iso-C 15 : 0 (24.4 %), anteiso-C 15 : 0 (15.7 %), iso-C 17 : 0 3-OH (14 %), iso-C 17 : 1 v9c (8.6 %) and iso-C 15 : 0 3-OH (8.3 %). Analysis of approximately 98 % of the fatty acids present in all three strains revealed that strain PLR T , P. xylanidelens SW256 T and P. dokdonensis DSW-6 T had very similar profiles (Table 2 ). For the three strains, no matches were found in the TSBA50 database. Polar lipid analysis of strain PLR T , P. xylanidelens SW256
T and P. dokdonensis DSW-6 T also revealed similar profiles, consisting of phosphatidylethanolamine, phospholipids, and unidentified lipids and aminolipids ( Supplementary Fig. S2 ). The major respiratory quinone of strain PLR T was MK6 (97 %) in line with the two recognized species of the genus Persicivirga and all other members of the family Flavobacteriaceae (Bernardet & Nakagawa, 2006) ; a minor amount of MK5 (3 %) was also found.
Hence, phylogenetic and fatty acid data showed that strain PLR T belongs to the genus Persicivirga. Phenotypic characteristics, 16S rRNA gene sequence similarity values and protein profiles supported the description of strain PLR T as representing a novel species, for which the name Persicivirga ulvanivorans sp. nov. is proposed.
Description of Persicivirga ulvanivorans sp. nov.
Persicivirga ulvanivorans (ul.va.ni.vo9rans . N.L. n. ulvanum ulvan, a polysaccharide extracted from Ulvaceae of the genus Ulva; L. v. vorare to devour; N.L. part. adj. ulvanivorans ulvan-devouring).
Cells are non-flagellated, Gram-stain-negative rods of 0.8-1.0 mm in diameter and 1.5-5.5 mm long, with rounded ends, occurring singly or in pairs. Cells are non-motile in liquid phase, and do not show gliding motility on solid surfaces. Colonies on ZoBell 2216E agar are circular, shiny, orange to red and 2.0-3.0 mm in diameter after incubation for 5 days; flexirubin-type pigments are not produced. Spreading does not occur at the margins of the colonies. Cells are strictly aerobic, chemo-organotrophic and heterotrophic, with an oxidative metabolism that uses oxygen as the electron acceptor. Nitrate cannot be used as electron acceptor. Optimal growth temperature is 20-30 u C; growth occurs between 4 and 35 u C. Optimal pH for growth is 7.5-8.0; growth does not occur at pH 6.0 or 10.0. Optimal NaCl concentration for growth is 2.5 % (w/v); no growth occurs in the absence of NaCl and at concentrations .6.5 % (w/v) NaCl. Positive for cytochrome oxidase, esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, alkaline phosphatase, and naphthol-AS-BI-phosphohydrolase activities, weakly positive for catalase activity, but negative for esterase (C4), lipase (C14), a-chymotrypsin, b-galactosidase, a-galactosidase, a-mannosidase, a-glucosidase, b-glucosidase, b-glucuronidase, a-fucosidase and N-acetyl-b-glucosaminidase activities. Hydrolyses DNA, Tweens 20, 40 and 60, starch and ulvan (Fig. 2d) , but not aesculin, urea, Tween 80, alginic acid, agar, i-carrageenan, k-carrageenan or gelatin. Unable to utilize D-glucose, D-galactose, D-mannose, maltose, L-arabinose, lactose, sucrose, D-mannitol, gluconic acid, capric acid, adipic acid, malic acid, phenylacetic acid and N-acetyl-D-galactosamine as carbon source. Acid is not produced from D-glucose, mannitol, L-arabinose, L-rhamnose, sucrose, melibiose, amygdalin, inositol or D-sorbitol. Growth occurs in the presence of (mg ml The type strain, PLR T (5CIP 110082 T 5DSM 22727 T ), was isolated from faeces of the marine mollusc Aplysia punctata fed with green algae, both collected at Presqu'Île de Pen Lan, Pleubian, Brittany, France.
